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ABSTRACT 
Facing the highly competitive business environment and an increase concern on quality 
management，Hong Kong companies have become aware of the significance of the ISO 
9000 standards. Being a set of quality management and assurance system，it is already 
mandatory in some area of business. Housing Authority is one of them who require all 
contractors to obtain the ISO 9000 certificate in order to participate in its contract. 
This paper is a case study in the implementation of ISO 9001 standard to a maintenance 
department of a construction material supplier. A work order system was established 
and the basic elements of the quality system was analyzed. After implementing a series 
of procedures, the quality system was refined. Auditing was then carried out by a 
registration company and the ISO 9001 certificate was awarded after passing the audit. 
During the implementation process which involved changes in the operating system and 
the working habit，considerable difficulties were experienced. Workload was increased 
substantially, and the lack of experience and knowledge worsened the problem. 
Moreover people were reluctant to change. To overcome such barriers, management 
support was essential. In addition, clear responsibility and target，effective 
communication and teamwork, supportive role of the Quality Manager and proper 
training were the other keys to successful implementation as experienced by the 
company. 
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Despite spending lots of time and effort in achieving the quality system，the benefits 
obtained were enormous. Meeting the Housing Authority's requirement was 
significant in not losing their contracts. Improving the competitive edge and providing 
a better quality image to customers were another significant benefits to meet the market 
needs. Moreover，better document control, reduction of waste material, better inter-
departmental communication, improvement in safety work system and better discipline 
were the internal benefits that the company experienced. On the other hand, working 
under the quality system resulted in an increase in operating cost and reduction in 
working efficiency. 
It is hoped that the experience gained in this case study can be a useful reference for 
those companies that decide to implement the ISO 9000 quality system，especially for 
those that are maintenance related where the work order system described in this 
project may act as a reference for them to establish their maintenance management 
system. 
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The Development of Quality 
Quality started in early years when it was determined by the hands of the craftsman, 
who was in a state of self-control and self-inspection.� 
In the Industrial Revolution era, factory system was created and most craftsmen were 
forced to become factory workers. Quality was managed by the production 
department, and inspectors were employed to carry out fiill-time inspection. 
The Taylor's scientific management was then evolved, where planning and execution 
were separated in function. This resulted in a considerable increase in production, but， 
on the other hand，had serious negative effects on human relations and quality. 
Separate and independent inspection department was founded. Its major job was to 
prevent defective products from reaching customers. The concept of quality control 
arose. Samples were taken from raw materials and goods in process, and inspection 
procedures were laid down. 
When World War n ended in 1945, there was a great demand for consumer goods and 
shortage frequently occurred. Hence meeting schedules was considered as the top 
priority, and quality was put aside. 
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Facing the decline in quality, reliability engineering was developed for additional 
guarantees. As a shift on its role to a more proactive manner, quality control 
department was adapted to quality assurance department, which had an improved 
organizational status. 
Some companies had put in a further step, where the assurance concept was 
incorporated into the purchase contracts，and the surveillance basis in quality started. 
The defeat in war forced Japanese organizations to choose a new direction in quality in 
order to win the global market of their civilian goods. Hence quality was re-
emphasized, especially for those companies who lost numerous market shares to 
Japanese competitors. 
Quality Circle was developed, where all level of employees had to participate in 
quality. The concept of Total Quality Management (TQM) arose. It was a 
management philosophy that included total customer satisfaction in its operation. 
Rise of International Quality Standard < -
In the development of quality control and quality assurance, standards were set up by 
individual organizations. As facing differences in quality standards from one company 
to another which acted as a barrier in communication, the establishment of a publicly 
recognized guideline was required. National standard bodies such as American 
National Standards Institute (ANSI) and American Society of Mechanical Engineers 
(ASME) were then set up and their own quality standards and codes of practice were 
issued. 
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Because of the rise of international trading, confusions and conflicts in requirement 
occurred. In order to resolve these conflicts，the International Organization for 
Standardization, ISO, was set up in Geneva, Switzerland in 1947. It was an 
organization composed of representatives from national standard bodies which 
included eighty-nine countries at the present moment. Its function was to promote the 
development of a series of product and service standards that would be recognized by 
each member nation. Products and services would no longer be subjected to individual 
standards that tended to restrict their free flow across national boundaries. 
ISO 9000 Quality Standard 
ISO 9000 standard is an international set of documents written by members of 
ISO/TCI76, which was established in 1979 by ISO. The quality standard was adopted 
in 1987 and is a system of quality management and assurance. It is divided in five 
parts: 
ISO 9000 
Quality Management and Quality Assurance standards - Guidelines for selection and 
use. 
ISO 9001 
Quality Systems - Model for quality assurance in design/development, production, 
installation and servicing. 
ISO 9002 
Quality Systems - Model for quality assurance in production and installation. 
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ISO 9003 
Quality Systems - Model for quality assurance in final inspection and test. 
• t 
ISO 9004 
Quality Management and Quality System Elements - Guidelines. 
The purpose of the ISO 9000 standards is to provide a structure to ensure that the 
principles of quality management and quality assurance are identified and enforced. It 
does not refer to the technical specification of products but to the system producing 
them, so that buyers can be confident that the quality system is adequate and the 
product conforms to the designed parameter. 
The quality standard accreditation is assessed by a third-party registration body，such 
as the Hong Kong Quality Assurance Agency (HKQAA) which was set up by the 
Hong Kong Government in 1989. 
In the application of the ISO 9000 standards, the series of quality standard has to be 
specified depending on the nature on the company operation. Relevant documentation， 
which is in conformity with the standards，should be prepared. These documents are to 
be evaluated by the registration body，who will then conduct a site assessment. Any 
non-conformity will be communicated back to the company for corrective actions，and 
registration will be granted after satisfactory assessment.� 
It should be noted that the certificate of registration is only valid as long as the 
registered company remains in compliance with the standard. Hence periodic 
assessment is carried out after the registration to ensure its continual conformance. 
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Significance of ISO 9000 
In the past, quality management was considered as a means to improve the operating 
efficiency and effectiveness. It was only a desirable matter and there was no obligation 
to follow it. 
Today, the concept changes. With the adoption of ISO 9000 standards by major 
industrial nations, it is foreseeable that quality management is no longer just desirable. 
It will be mandatory if a company wants to sell its products in the international 
market.(3) 
The change first took place in the European Community (EC) when a single-market 
arrangement was implemented within their members in 1992.� Products that could be 
sold in a particular country could also be sold in all other countries if the manufacturer 
attained the ISO 9000 certificate. At the present moment, including the EC，the 
standard has already been adopted by fifty nations as their national quality system 
standard. As a result，every manufacturer engaged in international trade will be hard-
pressed to obtain this quality assurance system in order to remain a viable business 
concern. 
The Hong Kong Government showed its concern in quality starting from 1989 when 
the Quality Awareness Campaign was launched. The significance of quality in making 
Hong Kong profitable was emphasized. Actual participation in the ISO 9000 standard 
began in the construction industry when all building contractors and material suppliers 
were required to obtain ISO 9000 standards in order to tender for the Housing 
Authority's contracts after March 1993 . � 
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Despite the fact that ISO 9000 standards is not yet mandatory in most of the 
businesses in Hong Kong，the registration has its notable benefits. 
According to a survey conducted in the U.S. and Canada(6), better documentation was 
the most favoured internal benefit as it resulted in a better efficiency and a more 
knowledgeable work force. Other internal benefits included greater quality awareness, 
positive culture change，increased operational efficiency and productivity, enhanced 
inter-company communications and reduced scrap and rework expenses. In external 
view, higher perceived quality was considered as the most significant benefit, followed 
by improved customer satisfaction and competitive edge，reduced customer quality 
audits, increased market share and quicker time to market. 
Another survey was carried out by the University Industrial Centre of the University of 
Hong Kong in 1994 for analysing the experience of implementing the ISO 9000 
standards in Hong Kong.(7) Out of the sixty one questionnaires completed by the 
companies with ISO 9000 certification, a high percentage of building and construction 
firms indicated that the ISO 9000 standard was adopted because of their customers' 
requirement. However, for the service and manufacturing industry, internal initiative 
was the main reason for their implementation of the system. Concerning the benefits 
obtained in ISO 9000，improving business, increasing efficiency and promoting team 
spirit were the most common ones experienced throughout the entire quality system. 
However the study showed that some were not as successful as expected. Moreover 
the effect of implementing the system on the improvement of production cycle and 
sub-contractor relationship was not significant. 
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Maintenance Management 
Maintenance can be defined as the activities carried out to keep a facility in a operating 
condition at a certain specified standards，and this performance standard is to be 
continuously maintained in order to meet its productive capacity. 
Maintenance job is done by a service department, which is generally neglected when 
top management is more concerned with income-generating departments. Unlike 
production and operational activities whose tasks are repetitive，maintenance cannot be 
systemized and its job process is more flexible. 
However，the situation changes with time. Facing tight production schedule， 
equipment breakdown results in a loss of time and money. Moreover, when 
maintenance is not well managed, maintenance cost can cover a large percentage of the 
total operating cost. In addition, due to the increase in scarcity of capable and skillfiil 
craftsman，manpower must be utilized more effectively. All the above lead to the 
change of mind that maintenance must be engineered and well managed. 
Different countries have different management styles.^ In Europe, significant 
contributions have been placed in promoting tero-technology. In US，the life cycle 
concept in plant engineering has been promoted. Total Productive Maintenance is a 
new philosophy employed in Japan. In China, the needs for good maintenance has 
been recognized and the development of human capabilities for maintenance and 
renovation has been started. 
In Hong Kong, various maintenance styles are found. In large scale companies 
preventive maintenance is much emphasized in their operation, whereas for the 
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maintenance department in small-scale business，breakdown repair is their majority 
work. 
In order to meet the requirement of the ISO 9000 standard，an effective and efficient 
maintenance management system cannot be avoided. 
Project Objective 
This paper is a case study report about the implementation of ISO 9000 quality 
standard to a maintenance department in a construction material supplier in Hong 
Kong. 
Because of the necessity to obtain ISO 9000 certification in order to qualify for the 
contracts of the Housing Authority starting from March 93，the company began to 
apply for the registration in 1992. It is a local based company with operation over 25 
years in Hong Kong. Typical Chinese management style is adopted with limited 
formalization and loosed job definitions. There is little knowledge or experience in 
quality management, especially for those shop floor workers who generally have low 
education level. In order to obtain the ISO 9000 certification and survive, an 
additional staff with experience in quality management was employed as the Quality 
Manager, who was in charge of the entire application and implementation process. 
The maintenance management system was reviewed and its operation has to be re-
structured. A work order system，with substantial change in the system of operation 
and working habit, was established. In the entire implementation process, difficulties 
were encountered but considerable benefits were obtained. 
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As to date, the company has successfully obtained the ISO 9001 registration in seven 
of its production plants，and the implementation process is satisfactory. 
Conclusively，this paper focus on the issue of developing a maintenance management 
system for the ISO 9000 registration，and it is the intention of the author to share his 
experience obtained throughout the implementation process and hope it may assist 
other companies for their implementation. 
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Case Study Approach 
A case study approach has been used in this project since it can provide a background 
to study a defined issue under a particular set of circumstances. The maintenance 
management system was reviewed so as to satisfy the requirement of the quality 
system. The basic elements of the ISO 9000 standard relating to the maintenance 
operation was analyzed in order to get a basic understanding on the entire system and 
to provide a basis for system planning. Various stages of implementation was then 
discussed and the difficulties encountered were examined. On the entire process， 
several keys to success were established by the company and they would be discussed 
in details. After successfully obtaining the ISO 9000 certificate，a number of benefits， 
either external to outside environment or internal inside the company operation，were 
recognized and they would also be examined. On the other hand, drawbacks were also 
discovered after implementing the quality system，and they would be examined too. 
Settings and Timeframe 
The project study was carried out in a totally natural and non-contrived environment 
within the company. Although the case study was discussed and received approval 
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from top management of the company，it was carried out without any interference to 
the management and the operation for fear that it would cause bias on the information 
obtained. 
All data were collected over a certain time frame rather than over different points in 
time because most information was already well-established and became available for 
analysis purpose. The study started from the events traced back to 1991 when the 
company planned to implement the ISO 9000 quality system，and included the 
experience obtained in the entire planning and implementation process up to the time 
of formal interview and causal discussion. 
Data Collection 
Data covered in this project were mainly obtained from company records and through 
discussions with company staff，which included both formal and informal ways of 
collection. For the information covering the quality system and operational aspect， 
data were collected through formal interview with the Engineering Director and the 
Quality Manager. However，for the information that was not well defined in the 
system such as the difficulties encountered and hints to success, informal discussions 
with individuals rather than formal interviews were employed to collect data in order to 
eliminate the possibility of bias on the data obtained. The staff members whom have 
been contacted included department heads and supervisors from different functional 
groups in production, marketing and sales, finance and accounts, and personnel and 
administration. Moreover discussion with the Workshop Engineer, the Supervisor and 
the Foreman was one of the major means of data collection. 
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In addition, data were also obtained through observation on the operational level. This 
was particularly important to collect information regarding behavioural manner, which 
could not be correctly obtained through formal interviews or informal discussions. 
Literature Review 
In order to acquire fundamental knowledge on the quality system，ISO 9000 
documents were reviewed. These included the official documents issued by the 
International Organization for Standardization concerning the ISO 9000 series, and 
guidebooks issued by the Hong Kong Quality Assurance Agency，which was the 
registration body set up by the Hong Kong Government. 
Articles and cases concerning ISO 9000 standards was another area of literature that 
was covered. These included magazines and journals relating to quality system， 
newsletters from the Hong Kong Productivity Council and publications from the 
Quality Services Division of the Industry Department. These materials provided a 
background information on the matters relating to the application of ISO 9000 in other 
companies and industries and examined the issues on a broader point of view. 
In addition to ISO 9000 related documents, maintenance management was also 
covered in this project. Text from maintenance related books were studied in order to 
obtain up-to-date theories in maintenance management，which acted as the theoretical 
framework for the establishment of the maintenance management system for the 
company. Moreover, articles from maintenance-related journals were examined in 
order to obtain information from a more practical aspect, particularly when it was 






Anderson Asia (Holdings) Limited (AAH) started its construction history in 1968 
when commencing its quarrying industry in Anderson Road. In 1989, it became a 
wholly owned subsidiary of Cheung Kong (Holdings) Limited. At present，AAH holds 
three major subsidiaries, namely Asia Stone (ASL)，Anderson Asphalt (AAL) and 
Ready Mixed Concrete (KMC). 
ASL is the aggregate producer and distributor for the construction industry with its 
operation in a quarry in Tuen Mun Lam Tei. Its aggregate products is either used by 
the inter-companies such as AAL and RMC or sold to other construction sites. 
AAL is the producer and layer of road surfacing material in Hong Kong. From the 
production plants in Shatin and Tuen Mun, the company produces and sells asphaltic 
products for the road surfacing industry. Moreover，by means of milling equipment, 
AAL provides the complete service for the restructuring of existing roadways when 
road maintenance is required. 
RMC is the front line of the holding company to produce ready-mixed concrete. From 
its numerous plants distributed throughout Hong Kong, it supplies concrete for 
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construction contracts. In response to the Housing Authority and the construction 
industry's demand for a quality assurance system, KMC is the first subsidiary receiving 
ISO 9001 accreditation from HKQAA. 
The three subsidiaries are managed by the holding company in certain fiinctional areas. 
(Refer to Figure 1 for the management organization chart) It has a centralized finance， 
accounts, personnel and administration division. On more specific areas such as 
production，marketing and sales, there are individual departments held by different 
subsidiaries. Concerning the maintenance job，in the past, they were carried out by 
different subsidiaries. However, since the repair and maintenance jobs were similar in 
nature，a central workshop was established in 1992, thus company resources could be 
fully utilized after the integration. 
Maintenance Department 
AAH has its own team of heavy equipment in its operation. It ranges from delivery 
trucks to the bulky bucket loaders. All these mobile equipment are maintained by the 
Equipment Service Department, whose main objective is to provide sufficient up-to-
standard equipment for other departments to carry out their work. 
The department is directed by the Equipment Service Manager, with the support of 
Engineer at the management level. The shop floor is leaded by the Workshop 


































































































































































































The central workshop is located inside the Tuen Mun Lam Tei quarry. Currently it has 
about thirty staff. (Refer to Figure 2 for the organization chart) Except manager and 
engineer who have undergone tertiary education and professional training, all operative 
staff including supervisor and foreman have generally little educational background and 
their work are performed based on the experience gained in their career. 
Repair and Maintenance 
In general the work types can be divided into three main categories :-
Routine Maintenance 
The routine maintenance consisted of daily，weekly and monthly maintenance jobs such 
as lubrication, greasing, oil change and machine check as recommended by 
manufacturers. The jobs were performed according to specified time schedules. For 
those schedules based on operating hour or kilometer, the plan was maintained with 
the support of computerized system. 
All jobs were listed in checklist forms which were filed up after job completion. Any 
abnormalities were recorded for follow-up actions. 
Schedule and Predictive Repair 
Schedule repair refered to those repairs which were carried out before machine failed 
for the purpose of preventing serious damage. It was scheduled according to the 
condition of the mobile as perceived by the workshop staff and operator，the repair 
history of the equipment and the result of the scheduled oil sampling which was carried 
out by machine manufacturer or oil company for the analysis of the wear condition. 
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When a repair was required, the user department would be informed by the Workshop 
Supervisor to arrange for the machine to be transported back to the workshop. A job 
order was then prepared and the details including job content and repair labour were 
recorded in the job order form. A detailed report covering failure description, repair 
details, parts replacement，suspected cause，follow up action and recommendation 
would be prepared by the Engineer. All these data were managed in a database file. 
Breakdown and Unpredictable Repair � 
Repair was started when machine breakdown occurred during operation. The failure 
was usually reported by the operator or foreman from the user department. A job 
order was then prepared and on-site inspection was carried out. If possible the repair 
was completed on site, otherwise the machine would be transported back to workshop 
for major repair. Similar to the case of scheduled repair, details were recorded and 
input in a database file. In addition the responsibility was counted and further actions 
were considered after the analysis in order to prevent similar happening in the future. 
Problems Encountered 
Inaccuracy in Repair Labour Time 
The repair labour hour reported in the job order form was input by the repair gang 
leader after completing the job. As the job time input was very subjective and there 
was no mechanism to check its accuracy，it was common to find high variation in job 
completion time for similar nature of job. Moreover the job completion time might be 
over-reported by the gang leaders so as to indicate their hardship and the extent of 
difficulty. 
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Inaccuracy in Material Cost 
When spare parts were required in the repair and maintenance，they would be issued 
from the store or purchased via the procurement department if they were not kept in 
stock. The cost was then recorded in an issue note form and maintained in the 
computerized system. However，in some circumstances when the repair work was 
urgently required，parts would be ordered in the very early stage in order to shorten 
the downtime. In that situation more items would usually be ordered for safety reason. 
After the job was completed, the extra unused parts would be kept in the internal store 
inside the workshop. Hence the actual parts cost was smaller than the cost recorded in 
the issue notes. On the other hand, when the internal stored parts were consumed in 
the next repair, their costs were not recorded in the issue notes for that repair, and cost 
discrepancy happened again. 
Lack of Experienced and Responsible Workers 
As mentioned earlier, the repair labour time varied from one job to another although 
they were similar in nature. One possible reason was due to the inaccuracy in data 
input. It might also happen when different techniques were used. For example, one 
job was completed in a shorter time because its quality was poorer. As there was no 
standard or work instruction set to a specific job, the judgement depended on the 
workers' experience. This practice has been used for a long time in this field of work 
and it worked provided that workers were skillful and responsible. However with the 
decrease in the number of competent workers, problem of poor workmanship arose 
and it greatly affected the quality of work. 
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Lack of Job Responsibility 
As there was no duty and job responsibility assigned except for the supervisory staff, 
most of the staff found no initiative or obligation to perform their jobs well and this 
greatly affected the overall performance of the workshop. This situation was even 
worsened by the fact that the demand for skillful repair labour market has not 
diminished while the supply decreased in number. Hence the bargaining power in the 
labour side was increased when compared with the employer side. 
Lack of Formal Co-ordination 
It was significant for machine operators to report any abnormalities observed during 
operation in order to detect any minor problems before it became a major one. 
However the work system provided no formal channel for such kind of problem 
communication and important message might be missed unless workers were 
responsible enough to report the problem. It was common in the past that minor 
problems were concealed until major breakdown occurred. 
Lack of Formal Communication 
Besides the co-ordination problems found between the user and the maintenance 
department, internal communication inside workshop was another issue that needed 
improvement. Due to the lack of formal communication channel, verbal instructions 
caused ambiguity and confiision arose. Moreover，since verbal communication was 
used，proper documentation was disregarded by both management and staff，thus 
valuable information might be missed or distorted. 
« 
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Lack of Specific Working Procedures 
Due to the lack of working procedures，individuals just performed what they were told 
to do or what they thought they should do as they perceived with their previous 
working experience. This created a problem when workers were lack of working 
experience to tackle the problems, thus resulted in poor quality of work and a poor 
record of job completion time. 
Improved Operating System 
Work Order System 
As the existing work system had so many problems, a new operating system, with the 
work order system being the core, was designed to meet the requirement of the quality 
system. It was a communication system by which work was requested, classified， 
planned, scheduled, controlled and subsequently directed through a data processing 
scheme to produce information and thus action could be properly t aken .� It served 
the purpose of formalizing and standardizing the operating procedures. 
In fact it had several functions that were significant for improving performance. Firstly 
a formalized channel for the user department was created to report and request any 
repair and maintenance required. Formalized channel was also formed for the 
Workshop Supervisor to assign maintenance staff to perform work. Moreover a brief 
description of the work required was provided, thus sufficient and clear information 
was laid out for workers to follow. Written procedures were also established to 
reduce ambiguity and misunderstanding. In addition, the priority of the work and the 
required completion time were identified，thus job planning and processing could be 
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done in a more efficient and effective way. Finally a work history record was 
provided, which allowed for the identification of failure patterns and revealing problem 
areas, thus assisted in designing an effective preventive maintenance program. 
The schematic flow of work in the work order system is shown in Figure 3，which can 
be described as follows : 
(1) Work was started when any one of the following happened 
a. Equipment user reported abnormality and requests repair. 
b. Workshop labourer reported problem during routine maintenance work. 
c. Preventive maintenance service dued on time. 
(2) Workshop supervisor assigned work to his subordinates by means of the work 
order form. 
(3) Workshop labourers received the work assignment and performed the job 
accordingly. During the work progress or at its completion，workshop 
labourers were required to periodically advise their superior of the work status. 
(4) Upon completion of the work, workshop labourers input the material used and 
repair man-hours spent on each job into the work order form. 
All the work order data were maintained in a computerized system，which were linked 
up with an integrated information system to produce useful management information. 
In handling routine and repetitive jobs which were standardized in nature and took 
little time to complete, a standing work order was assigned. It eliminated the need to 
issue a work order and thus reduced the clerical workload. 
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Supporting Facilities and Documents 
In order to support the work order system, the following items were established : 
Scheduling Board 
It stated the status of the workshop labour, whether he was handling any current work 
order, assigned to any future work orders or responsible for any temporarily 
abandoned work order at the time being. This kept track of the location of the labour 
and the status of the current, future or interrupted jobs. 
Personal Time Card 
Each labourer had to fill in a daily time card his working details on the whole day. It 
served as a counter-check document to ensure data accuracy in the work order form. 
Moreover as the work of each labourer could be easily retrieved, it assisted the 
management to monitor the staff performance. 
Standard Completion Time 
Standard completion time was assigned for different repair task after analysing the past 
records and discussion with machine manufacturers. It was used as a guideline to 
monitor the performance of the workshop labour and set up a target for one to follow. 
In order not to have a negative effect，the standard should be adjustable and reasonable 
to reach. 
Output Control Reports 
The information gathered in the work order system was maintained in a database filing 
system，and a variety of control reports could be prepared to assist management 




This monthly report summarized all the work order performed in that month, and it 
、 
provided the labour hour spent on different work categories including standing work 
order, planned preventive repair，unplanned minor repair and major breakdown repair. 
It assisted the management to identify the major problem area and thus plan work and 
manpower accordingly. (Refer to Table 1 for the report format) 
Backlog Summary 
This monthly report showed all the works that were scheduled but had not yet been 
completed. The supervisor could then schedule the necessary overtime or report the 
situation to the management for suitable resources allocation in order to complete all 
backlog work. (Refer to Table 2 for the report format) 
Maintenance Cost Summary 
This monthly report showed the maintenance cost spent on each machinery including 
the parts expense and the repair labour cost. It was used to keep track of the cost 
spent on each equipment and assisted the management to replace equipment at 
appropriate time; (Refer to Table 3 for the report format) 
In addition to the above three, a variety of reports could also be obtained by means of 
the computerised system. These included employee profile, overtime analysis， 
equipment breakdown analysis, etc. Moreover in combining figures from other 
departments such as fuel and oil consumption, a more comprehensive understanding of 
the equipment could be obtained. 
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Table 1 Maintenance Summary Report � 
Month : 
Work Standing Planned U 叩 lanned U 叩丨 anned 
Order Work Order Repair Minor Repair Major Repair 
Number Labour Hour % Labour Hour Labour Hour % Labour Hour % 
Total I I I I I I I I 
Table 2 Backlog Summary Report 
Month : 
~ F a i l u r e ~ Est. Manhr Actual Act. Manhr 
Equipment Repair Description Report Date Required Starting Date Spent 
Table 3 Maintenance Cost Summary 
Month : 
Equipment Parts Cost Labour Hour Labour Cost Total Percent 
Sub-total I I I I I 
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Inventory Control System 
The objective of inventory control was to provide workshop with an adequate supply 
of inventory while minimizing the cost of keeping it. As the parts expense record was 
not accurate in the past，the inventory system had to be revised also. 
The existing problem was that when required parts were not kept stock in the 
inventory, extra items might be purchased for safety reason leading to an inaccurate 
record of parts consumption. To avoid such problem, the inventory had to be 
reviewed and expanded to cover more essential items. Hence the frequency of direct 
purchase could be reduced, and parts required for a repair would be obtained from 
inventory stock. In addition to providing accurate information and easy control, the 
parts awaiting time could also be reduced，thus the repair efficiency was increased too. 
Considering that the increase in inventory cost might exceed the benefit obtained，the 
extent of stock increase had to be measured against the degree of necessity. One 
practical way to save cost was to establish a consignment stock, which had to be 
agreed by the parts supplier. Another way was to allow direct purchase items to return 
to stock. In order to handle those extra items that were not used at the time being, an 
emergent stock was created for storing them. Their costs were deducted from the 
repair issue notes and transferred to the emergent inventory. This inventory was only 
temporary and would not be replenished when consumed. If required，they could be 
transferred to the ordinary stock for permanent usage. To ensure that this emergent 
inventory was not misused, the situation was periodically reviewed by the Engineer and 





Benefits of the New System 
Due to the formalization of the working procedures, the tighter control of the assigned 
job，the clearer work status and the effective control documents obtained from the 
database system，machine downtime can be decreased and labour utilization can be 
increased，which are the two main objectives of a successfiil maintenance department. 
Decrease Machine Downtime 
Prioritized Work 
As work is prioritized and monitored, jobs can be assigned based on their priorities. 
Moreover, as the work status of each labourer can be identified，planning can be more 
effective when shift in priority is required. 
Clear Job Description 
As workshop labourers are given more timely and accurate description of work, 
problems can be tackled more easily，thus job completion time can be decreased. 
Standard Time 
Due to the standard time set for each task, each job must be completed within a 
reasonable and predetermined standard, otherwise explanation is required. 
Backlog Summary 
Through backlog summary, problem work orders can be identified, thus corrective 




Due to effective control system，input data are more accurate, thus a better 
understanding on the situation can be obtained. 
Increase Labour Utilization 
Control Reports 
By means of the backlog report，maintenance report, employee profile，overtime 
analysis and standard completion time，maintenance practice can be managed more 
effectively，thus staff idle time and overtime can be minimized. 
Standard Time 
By comparing the planned and actual labour hours spent on each job, staff performance 
can be monitored more effectively. 
Clear Job Description 
Due to clear job description and responsibility held, a clearer task can be identified, 
thus unnecessary waste time can be avoided. 
Limitations of the New System 
Despite the advantages obtained as described above，there are limitations in the new 
operating system. 
Firstly the problems regarding human factors are not covered in the work order 
system. Job motivation is one of the issue that is not dealt with. Workers from the 
lower level may still lack of initiative to actively perform their job. Lack of 
responsibility still exists. 
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Moreover staff training is not included in the work order system. There is no clear 
direction in tackling problems caused by inexperienced workers. 
Finally the new system involves a greater staff participation in the working procedures. 
Writing down the jobs performed in the personal daily time card is one example. More 
documents are required and more time and effort are spent. Hence human resistance 
arises from the increased workload required. 
(1) Tomlingson, Paul D，Effective Maintenance - The Kev to Profitability. (New 




APPLICATION OF ISO 9000 STANDARDS 
There are basically three standards than can be registered under the ISO 9000 quality 
system. Regarding the operation which covers a series of functions including design， 
development，production and service，the company applied for ISO 9001 quality 
standard where design is included. Under ISO 9001, there are twenty elements that 
have to be covered. (Refer to Table 4 for the list of elements required) These twenty 
items set out the guideline for one to establish, document and maintain an effective 
quality system. 
14 Elements Applied to Maintenance Department 
In the case of the Equipment Service Department which carries out internal 
maintenance work for the entire company, the customer is the user department. The 
product is the equipment under repair. The aim of the quality system is to provide up-
to-standard repair and maintenance service for the equipment used by the user 
departments. 
Out of the twenty basic elements identified in the quality system，six of them are not 
highly involved in the operation of the Equipment Service Department, and they would 
not be discussed in details. Contract Review is one of them because there is no formal 
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Table 4 Elements of ISO 9001: 1987 � 
Clause No. Title 
4.1 Management Responsibility 
4.2 Quality System 
4.3 Contract Review 
4.4 Design Control � 
4 • 5 Document Control 
4.6 Purchasing 
4.7 Purchaser Supplied Product 
4 8 Product Identification and Traceability 
4 9 Process Control 
4.10 Inspection and Testing 
4 11 Inspection, Measuring and Test Equipment 
4 12 Inspection and Test Status 
4 13 Control of Non-Conforming Product 
4 14 Corrective Action 
4 15 Handling，Storage，Packaging and Delivery 
4.16 Quality Records 
4 17 Internal Quality Audits 
4.18 Training 
4.19 Servicing 
4 20 Statistical Techniques 
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contract signed internally inside the company. Design Control is not the scope of the 
maintenance department either. Purchaser Supplied Product does not exist because all 
products are supplied by the Equipment Service Department. Product Identification 
and Traceability is a simple job because all products are visually different and they can 
be easily identified by machine models and machine numbers as displayed in their 
bodies. Servicing']oh is also out of the work scope of the department because after-
maintenance service is not provided. After each repair，the equipment would be 
inspected by the user department. Once its condition is accepted, the repair job is 
completed and any future problems would be regarded as another job. Finally, for the 
element of Statistical Techniques, the department does not select any sample but 
inspects all machineries under repair before delivering back to user departments. 
For the other fourteen elements that have greater effect on the maintenance operation, 
they are discussed as follows : 
1. Management Responsibility 
A quality system started with the company commitment to achieve a specified goal. 
Hence a policy statement was set up by the top management stating its main concern 
on the quality system. It was signed by the Managing Director to show its significance 
and the company commitment on it. This policy statement was then distributed to all 
departments with the purpose of making it known and understood by all company 
staff. An organization chart and the functions of different departments were defined to 
show a clear picture of the company operation. Responsibilities were assigned to all 
staff who managed and performed work relating to quality. Clear job descriptions 
34 
were written down for all staff to follow. All the above items were absolutely required 
in the quality system and it was the management responsibility to comply with it. 
In the case of the maintenance department, the policy was to be aligned with that set 
up by top management for the entire company. This included four major objectives 
(1) The products supplied should be up to the pre-set quality standard. 
(2) The customers needs should be satisfied. 
(3) The company should monitor the environment to ensure that the latest 
technology was used. 
(4) The company encouraged teamwork motivation and all managerial staff should 
ensure that all staff understood and implemented the quality policy. 
After establishing the direction to follow，responsibilities and authorities were set up 
for the Equipment Service Manager, Engineer, Workshop Supervisor and Foreman to 
ensure that they knew their roles in the quality system. 
2. Quality System 
A quality system covering the nature and degree of organization, structure, resources, 
responsibilities，procedures and instructions was established. It was a documented 
system so that all appropriate personnel could understand it readily and it should be 
maintained at all level to provide consistent control of quality. 
In the case of the company and the maintenance department, the quality system 
consisted of four layers of documents including the quality manual, the operating 
procedures, the work instructions and other controlled documents. More details of 
them will be covered in the next section where document control is discussed. 
i 
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Planning and development of the entire system was also included in this quality 
element, and the Equipment Service Manager played a contributory role to 
communicate with the Quality Manager to ensure that the relating personnel and 
facilities were capable to carry out any plans and development covered in the system. 
3. Document Control 
In general the company has four types of quality documents : 
Quality Manual 
In the quality manual, the quality policy，the company objective and the responsibility 
and authority of management and supervisory staff were defined. General guideline 
was laid out for each department to follow. In order to show its importance and top 
management commitment, the quality manual was signed by the Managing Director. 
Operating Procedures 
In the operating procedures, the way of management control on the activities relating 
to the quality of product and service was defined. It was a departmental issue and each 
department had its own operating procedures which should follow what the quality 
manual required. In the case of the maintenance department, the operating procedures 
were well-defined in the work order system，where the way of work flow and the roles 
of each party both in job execution and functional control were clearly stated. 
Work Instructions 
In the work instructions, the details of the performance guidelines and acceptance 
criteria were specified. It included the most basic information that all operative staff 
should refer to. It set up a standard for one to follow, thus allowed the management to 
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execute their control. Due to the flexibility nature of maintenance work，a general 
guideline rather than a fixed rule was preferred. This allowed workshop labour to fully 
utilize their skill and experience but also ensured that the output was up to the 
specified standard. In designing the work instruction, maintenance manual from the 
machine manufacturer was the best resource to be referred to. However, as most 
equipment were manufactured in foreign countries, adjustment were made to ensure 
that they were suitable for use in Hong Kong. 
Other Controlled Documents 
These included quality records such as the completed machine checklists and work 
order forms, manufacturers' handbooks and manuals, recognized standards, 
engineering drawings, etc. These supporting documents were documented so that they 
could be easily obtained when required. I 
The quality manual was issued for the entire company and its review and amendment 
were to be done by top management. The operating procedures，work instructions and 
I ‘ 
other controlled documents were reviewed and approved by the Equipment Service 
Manager，and any obsolete documents were promptly removed from all points of use. 
4. Purchasing 
The Procurement Officer was responsible for the purchase of all material including 
parts, tools and machineries. The Equipment Service Manager was to supply sufficient 
requirements affecting product quality. These included specification, type and 
drawings if necessary. Suppliers were then selected based on their quoted prices, their 
conformity with the specification and the reviews of previous records of performance 
in supplying similar product of the required quality. All these supplied products were 
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to be inspected at source or upon receipt and any nonconforming product would be 
rejected whenever it was detected. 
5. Process Control 
After setting up the procedures and instructions to be followed and the related 
documents to be filled up, process control was carried out to ensure that all these 
standards were followed. The Workshop Supervisor and the Foreman were 
responsible to provide working procedures and instructions to the shop floor staff and 
monitor their performance. Moreover tooling and equipment used during the work 
process were examined regularly and corrections were made promptly if any deviation 
occurred. Finally the Workshop Supervisor had the responsibility to maintain proper 
workmanship for all types of work and ensured that no inferior product was produced. 
6. Inspection and Testing 
The Workshop Supervisor and the Foreman were responsible to inspect and test the 
incoming material and parts and ensured that the specified requirement was met. 
For the workshop repair work, in-process inspection was carried out regularly by the 
Foreman. After job completion, the repaired items were inspected and tested by the 
Supervisor to ensure that the specified requirement was satisfied. For the repair in 
work site，the gang leader was responsible for inspection after repair and ensured that 
the equipment operated normally Any non-conformity would be reviewed and 
corrections made before the repaired machine was dispatched to the user. 
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7. Inspection，Measuring and Test Equipment 
In order to carry out an effective inspection and testing job，the Engineer was 
responsible to check and calibrate any tooling and equipment used in the inspection 
process. All these checkings were carried out periodically according to the specified 
schedule, and all measuring equipment bore a quality mark to indicate its calibration 
status. Special attention was made to ensure that all testing and inspection job were 
carried out under standard environmental conditions. Moreover all these testing and � 
measuring records including the details of equipment type, serial or identification 
number, location, frequency of checks，check method and acceptance criteria were 
maintained and documented. 
8. Inspection and Test Status 
To ensure that inspection was carried out before the repaired machinery was delivered 
to the user，a system was established to indicate the inspection status. A "Repair in 
Progress" tag was prepared and placed to all equipment under repair. After job was 
completed and the inspection and test were passed，a test approval mark was displayed 
on that machine. The Workshop Supervisor and the Foreman were responsible to 
carry out this job and ensured that no product was used before inspection and test 
were passed. 
9. Control of Non-conforming Product 
Non-conforming products existed when problems occurred in any work process 
including in-coming material, working procedures, process control, etc. They were 
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identified throughout the inspection and test process and were then segregated 
immediately. 
The Equipment Service Manager was responsible to review the non-conforming 
products and take remedial action. Possible outcome was either to accept the 
inferiority after considering the durability, safety, cost and benefit factors, or to rework 
and achieve the required specification. In the worst situation when the inferiority was 
not accepted by user department and rework to a better condition was impossible, � 
scrap of machine would be considered, but this has not happened before. All the above 
decisions had to be communicated with the user department and all these non-
conforming records were maintained. 
10. Corrective Action 
Corrective action was taken when non-conformity occurred. Both the Equipment 
Service Manager and the Engineer analysed all process，work operations, concessions, 
quality records, service reports and user complaints to detect and eliminate potential 
causes of non-conformity. Preventive actions were then taken and tight control was 
applied to ensure that these actions were taken and effective. After identifying the 
cause of failure, the operating procedures or work instructions had to be amended 
based on the result of analysis. 
11. Handling, Storage, Packaging and Delivery 
The handling and storage instructions were applied to all purchased parts, components 
under repair and the finished products. Good housekeeping was maintained to ensure 
40 
that all these items were properly protected to prevent damage or deterioration and 
that no item was missed or wasted. 
Packaging was not required for the repair work. 
After repair completion，the Engineer should arrange proper delivery of the machinery 
back to the user department. 
12. Quality Records 
Quality records demonstrated the conformity of the product to the specification and 
acted as an evidence to the users that quality control measures were taken during all 
stages of operation. 
The Engineer was also responsible to identify，collect, index，file，store，maintain and 
dispose of these quality records properly. These records should be legible，readily 
retrievable and stored in a suitable environment to minimize deterioration, damage or 
loss. A retention time of these records was kept based on the requirements as 
specified in the procedures. 
13. Internal Quality Audits 
Internal quality audits were conducted to ensure that the operation complied with the 
company's quality system. It ensured that the management objectives, delegations, 
methods and procedures were effective，and revealed any problems that needed to be 
corrected. It also verified the effectiveness of the previous corrective action taken and 
found out any possible improvement. 
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The Quality Manager was responsible to carry out the internal auditing job and the 
Equipment Service Manager was to provide assistance throughout the audit. The 
interval of the internal audit was set up in the quality manual, and it was done more 
frequently in the earlier stage as more corrections were expected in the beginning. The 
auditing result was discussed in the management meeting，and deficiencies were 
followed up promptly. 
14. Training 
In order to carry out the duties that the quality system required，the workforce should 
be properly trained. All management and supervisory staff including the Equipment 
Service Manager，the Engineer, the Supervisor and the Foreman should identify the 
training needs for their subordinates and submitted these needs to the Personnel 
Manager or the Quality Manager for the training arrangement. All these training 
records were documented and any new skill or experience obtained through training 
was added in the record. 
Tmplementation Process 
After understanding and interpreting the basic requirement of each element required 
for the quality system, a series of implementation procedures were developed and 
summarized in Table 5. 
The whole implementation was a top-down approach : the top management developed 
the quality manual which set up guidelines for different departmental heads to follow; 
the departmental heads developed the operating procedures; the engineers and the 
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Table 5 ISO 9000 Implementation Procedures 
(1) Prepare the quality manual by the management team. 
(2) Define and develop the required documents including the operating procedures 
and work instructions based on the guidelines set in the quality manual. 
(3) Assign responsibility to all personnel who manage and perform work relating � 
to quality. 
(4) Provide training to relating staff so that they know what they are required to 
do. 
(5) Implement the quality system and obtain feedback after the implementation. 
(6) Evaluate the quality system and make improvement and refinement. 
(7) Carry out internal audit and make final corrections to any non-conformity 
found. 
(8) Finalize the quality system and proceed auditing by the ISO 9000 registration 
body. If any non-conformity exists, make corrections accordingly and re-
proceed the audit. If there is no non-conformity, the ISO 9000 certificate will 
be awarded 
(9) Maintain the practice continuously and prepare for the periodic surveillance 
check. 
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supervisors developed the work instructions; the shopfloor workers carried out their 
jobs according to the developed work instructions. 
The implementation began with the development of the quality manual, which was 
prepared by the management team and acted as the guidelines for all staff to follow. 
The second level documents including the operating procedures and work instructions 
were then defined and developed, on which major workload was spent. Since the 
company has, for a long time, been working in a non-formalized way，there were few �\ 
t 
written procedures or instructions. Hence all these documents had to be newly defined 
J 
and developed. In order to satisfy the requirement of the quality system, the previous ! 
operating system had to be amended，and a new work order system was evolved. 
Moreover, besides the Equipment Service Manager and the Engineer，all shopfloor 
labour including the Supervisor and the Foreman were less educated. Their limited 
understanding of English required that all operating procedures and work instructions 
had to be translated to Chinese. All the paperwork preparation was done by the 
Manager and the Engineer and assisted by the clerical staff. 
After developing the documentation system, the next job was to communicate the 
system to all supervisory and quality related staff and assign them their responsibility. 
As extra burden and workload were involved, it was expected that they would resist 
change and were not willing to support the new system. Hence a meeting was 
arranged for all those staff. In the meeting the Engineering Director and the Quality 
Manager emphasized the importance of the quality system and the company 
commitment on it. The quality manual was circulated and the support of top 
management was reassured. 
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After communicating the new system to them, training was provided. It was held in-
< house after o伍ce hours and the Quality Manager and departmental heads were 
responsible for it. Overtime payment was provided for the training in order to gain the 
support from the staff. Except the detailed training which provided tailor-made 
program for different departments，all training were general in nature and described 
what the quality system required. Staff from different departments attended the 
training together as it enabled inter-departmental communication and encouraged 
. ‘.i 
teamwork achievement. 
After preparing the required documents and describing them to all the staff concerned， 
the actual implementation started. During the initial trial period，the Equipment 
Service Manager and the Engineer paid special attention to determine whether the 
’ designed quality system was adopted or ignored. Any non-conformity to the system 
should be corrected promptly and re-training was provided for any misunderstanding. 
Moreover meetings were held bi-weekly for all the quality relating staff to 
communicate their problems and difficulties arose from the new system. Correction 
and adjustment was made after the feedback and the improved system was 
implemented again for another feedback. After the cycling of corrections and 
improvements, a finalized system was established and a formal internal audit was 
carried out. Any non-conformity was corrected and an improved system was re-
established. Audit carried out by the ISO 9000 registration body was then arranged. 
If the operation conformed with the quality standard，the certificate would be awarded. 
Finally, after obtaining the ISO 9000 certification，surveillance audits would be carried 
out by the registrar every six months. It aimed at ensuring that the company operation 
remains in compliance with the quality standard. Hence the system had to be 
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Document preparation was the most time and effort consuming job throughout the 
whole process. Firstly much time and effort were required to thoroughly understand 
I 
the ISO 9000 quality system. As most of the staff had no previous experience on the 
quality system, training was the only means of providing knowledge to them. It was 
held after office hours in order not to interfere with normal work. Hence leisure time 
had to be sacrificed，which led to unwillingness and annoyance feeling. Moreover the ‘ 
review of the existing system before setting up the operating procedures required extra 
effort. This resulted in non-cooperative manner which affected the progress. Active 
support and participation by top management acted as a motivational power to 
increase morale. Moreover, when company commitment on this quality policy was 
frequently emphasized by top management, company staff accepted the concept 
gradually. 
Formalized System 
The formalization of the new operating system was a great challenge to the company 
staff who were not used to writing things down. As a habit in the construction field of 
work，jobs were performed mainly through verbal orders and communications. As it 
worked smoothly in the past, the increase in formalization was resisted by the majority 
of the staff. There was a worry that the company wanted to lay tighter control and 
46 
suppress working flexibility and freedom. The resistance was even prominent for the 
long-time service staff where their past seniority power was weakened in the 
formalized system Hence reluctance to change and conflicting manner were found 
everywhere in the beginning. The situation improved gradually as time went by when 
the decisiveness of top management to implement the quality system was secured. 
Moreover staff was alarmed by the authority given to the internal audit that the 
compliance with the system was required, otherwise disciplinary action would be 
taken. In addition, as the ISO 9000 quality system was implemented by more and 
more companies, there was no way to avoid but only to follow the trend. 
Clear Responsibility 
In the past when job responsibility was not clearly defined，company staff could rest 丨 
i I 
their shoulders and put the blame on others when problems arose. However, in the 
new system, clear job responsibility was defined. This caused extra pressure and heavy 
burden on them，especially for those on the middle supervisory level. In order to 
rectify this problem，an appraisal system was introduced to encourage the staff to show 
their ability and performance. It was hoped that staff could accept their responsibilities 
in order to gain the reward via the appraisal. 
Increase Paperwork 
Under the new quality system，a huge amount of paper work was generated. Hence 
workload was increased and staff was more busy. The clerical staff was mostly 
affected，where substantial overtime was spent in the handling of documentation. In 
order to cope with the problem, one additional clerical staff was employed. As most of 
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the workshop labour were illiterate and could not handle paper work by themselves, 
the assistance of the clerical staff was significant. 
Hints to Successful Implementation 
Management Support 
Management support is the essential element to overcome resistance arising from a 
change process, especially for the situation where more time and effort has to be spent. 
As the whole implementation is done in a top-down approach, where regulations and 
rules are laid down by the supervisors for the subordinates to follow, a supportive role 
instead of a high-handed approach is more appropriate. 
I 
Top management is the first level to be started with where any additional resources 
required by middle management are to be highly supported provided that the needs are 
justified. Top management should always be aware that quality system can only be 
successMy achieved when resources are sufficient. 
Middle management plays a vital role in the whole system. As mentioned earlier, 
majority planning and document preparation jobs are performed at the middle 
management level. Hence their working attitudes and performance greatly influence 
the entire implementation process. Accepting the quality system by themselves is a 
prerequisite to success. In addition, supervising and controlling functions are also 
required. As it is expected that most workers resist the change, the department heads 
should use their management skills to cope with the reluctance. Conclusively a high 
calibre team of middle management staff is required in order to successMy implement 
the quality system. 
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Responsibility and Authority 
It is important for top management to assign a team of staff to be responsible for the 
entire process. They must be given appropriate authority to carry out internal auditing 
and correction if required. The head of that team, who is usually the Quality Manager, 
must have the absolute power given by the top management to execute his plan. This 




Implementing ISO 9000 system is a type of project work，hence a clearly defined goal 
and an appropriate time schedule are required to be established well in the beginning. 
A well-defined job responsibility and a clear objective act as a driving force for all 
related staff to accomplish their job thoroughly. For the management staff，working in 
compliance with the ISO 9000 standard in their individual departments is included as 
one of their appraisal factor in order to make it as an incentive. 
Effective Communication 
As participation of all level of staff is involved in the quality system, effective 
communication must be encouraged. Facing such a new concept and so inexperienced 
in this area，all staff should be encouraged to raise their problems and difficulties in 
order to have prompt correction. There should be a formalized channel to deal with 
this communication. Constant communication meetings are recommended. All 
problems raised should be concerned and referred to a higher level if in doubt. These 
communication meetings are more significant after audit is carried out where non-
conformity would be highlighted and corrective suggestions are discussed. 
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Encourage Teamwork 
Teamwork plays a significant role in the quality system where co-operation is to be 
maintained. For every worker within the company, individualism must be discarded 
and group performance is emphasized. For every department, working in harmony 
with the others is encouraged. It is the company's goal to have an environment where 
I everyone assists each other to overcome such a difficult task. Social gathering is one 




Role of the Quality System Person-In-Charge 
‘ 
j . 
I It is important to have a clear definition of the role of the Quality Manager, who is the 
project leader of the whole implementing process. Despite the high authority given，a 
rigorous approach is not suitable to resolve any difficulties. It is better for the project 
\ leader，who is well experienced in this area, to express his professional knowledge in a 
！ supportive manner rather than a commanding way. It works better in getting the 
support of the company staff rather than working out of hostage or fear. 
Proper Training I 一 i . 
In implementing a new operating system, training is required to provide sufficient 
knowledge to carry out the task. For management and supervisory staff，a general 
training on the entire quality standards is more appropriate as a wider range of work is 
carried out. For the lower level workers, training should be specific to their working 
area. Moreover, when a new employee is employed, an induction training is provided 
to help him clearly understand the company quality policy. It is significant to ensure 




Benefits and Drawbacks 
External Benefits 
Compliance with the Government Requirement 
After obtaining the ISO 9000 certificate, the company satisfied the mandatory 
requirement set up by the Housing Authority and was qualified for its contracts. As an 
illustration, the public estate contracts done by the company since March 93 included 
Kwai Chung Estate, King Lam Estate and Hau Tak Estate, etc. Without the ISO 9000 ； 
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certificate, the company would certainly lose all these contracts. 
Better Quality Image to the Customers 
A better quality image was perceived by the customers after getting the ISO 9000 
certificate. For some contracts where tightly controlled quality products were 
required, ISO 9000 became a significant selection criteria. For example, the company 
has gained the contracts for Chep Lap Kok Airport and Black Point CLP Power 
Station, where ISO 9000 certificate was regarded as a pre-requisite for them. 
rnmpptitive Advantage 
It was experienced that getting ISO 9000 did not guarantee a winning of a contract， 
but without ISO 9000 was a significant barrier to compete with others who got the 
ISO 9000 certificates. From the record of the HKQAA, there were already eleven 
construction material suppliers in Hong Kong obtaining the ISO 9000 certificates upto 
November 94，and it was foreseeable that getting ISO 9000 would become a necessity 
in not falling behind the trend. 
Internal Benefits 
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Better Document Control 
Under ISO 9000, all information was clearly presented and stored，hence it could be 
utilized by the management more easily and accurately. Taking equipment 
maintenance as an example, through a clear work order record, the machine condition 
was better known, thus an effective machine maintenance plan could be established. 
Moreover ambiguity was reduced under clearly defined job responsibility and working 
procedures, thus staff could carry out their jobs more smoothly. 
I 
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Reduce Material Wastage 
Because of tighter inventory control system, all input and output material were clearly 
recorded, thus misuse of material could be reflected in the documents. Although there 
was no statistical figure that reflected the amount of wasted material, it was considered 
by the management that material was utilized more effectively under ISO 9000. 
Better Inter-departmeTital Communication 
Because of the operation under a clearly defined set of working procedures and better 
documentation, the transparency of the company operation was increased. Moreover, 
through communication meetings and trainings, more communication channels were 
provided. It was perceived by most of the company staff that they were more 
familiarized with the company operation after implementing the ISO 9000 standards. 
Ttnprove Discipline 
Due to availability of procedures, clearly defined responsibility and regular auditing, 
company staff were working under tighter control. It was much easier to identify the 
source of problems and better discipline was maintained amongst staff. 
Ttnprove Safety Work System 
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According to the instruction from the Factory Inspector of the Labour Department，a 
safety work system was provided through good documentation of records and clear 
work procedures Hence by implementing the ISO 9000 standards, the company has 
already established a structural system for industrial safety. 
Improve Product Quality 
Under tighter procedure control, product quality was improved as experienced in the 
maintenance department. Machines after repair met the specified standards, thus 





After implementing ISO 9000，more procedures were required in performing a job, 
thus more time was consumed. In addition, under a clearly defined job responsibility, 
workers were more cautious on their actions and this further prolonged the completion 
time. From the work order records in the past two years，it was found that generally it 
took 10% - 15% more time to complete a job after implementing the quality system. 
More Cost 
Firstly，extra cost was spent on the additional manpower to cope with the increased 
workload caused by ISO 9000. In addition, money was spent in improving the quality 
of test equipment. Moreover, extra time spent on meeting and extra effort spent by the 
management meant another costs. Although it would be very useful to know the total 
cost spent in the entire implementation in order to do the cost and benefit analysis, it 







The concept of quality has evolved from the primitive self-control craftsman era to the 
present situation where quality system has to be maintained. From the establishment of 
the ISO 9000 quality system in 1987 which is at present adopted in many countries，an 
internationalized standard was created. 
In Hong Kong, the mandatory requirement of the quality system started in the 
construction industry where the Housing Authority required all its building contractors 
and material suppliers to obtain ISO 9000 standards for their tenders after March 
1993. Hence Anderson Asia (Holdings) Limited, which is a construction material 
supplier, has to obtain this certificate. 
In simple words，ISO 9000 standard is a quality management and assurance system. In 
this standard，the guidelines for achieving an effective quality system are stated. 
However the product specification is not defined nor is the exact documentation 
required. Companies have their flexibility to define their system details provided that 
they conform with the basic requirement of the ISO 9000 standards. 
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As the operation of AAH involved the functions of design，development, inspection 
and service, ISO 9001 was the certification standard that the company applied for. 
Out of the twenty elements required in this standard, fourteen elements that had 
considerable effects to the maintenance department were included in the review. 
Before implementing the quality system，the existing operating system was reviewed. 
Many problems were found, and improvement was required. A work order system, 
which contained a formalized channel for communication and was highly '： 
documentation oriented, was then established. The change also involved the 
improvement in inventory control system，which was closely connected with the 
maintenance practice. The new work system has the advantage of decreasing machine 
downtime and increasing labour utilization. 
Because of the increase in workload and the change of working habit arising from the 
ISO 9000 requirement，implementation was carefully considered, and a thorough 
planning was required. In implementing such a change process, difficulties were 
encountered, which consisted of three main areas including the increase in workload， 
lack of knowledge and resistance to change. 
To overcome such barriers, management support was the most significant key to 
success. In addition，assigning proper responsibility, setting up target，encouraging 
effective communication and teamwork, defining supportive role of the Quality 
Manager and providing proper training were the other keys that the company applied 
throughout the entire process to achieve the ISO 9000 standards. 
Although the implementation of ISO 9000 was costly and time consuming, the 
company obtained considerable benefits out of it. Compliance with the government 
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requirement was the chief benefit. Improvement in competitive edge and gaining 
better quality image from the customers were also significant. Moreover, from the 
documentation system, work effectiveness was improved and material wastage was 
reduced. Inter-departmental understanding was also improved and communication 
was encouraged. In addition, the safety work system was improved and so was the 
work discipline. However it was experienced that both the process time and cost were 
increased when working under the ISO 9000 quality system. 
In conclusion, it should be emphasized that getting the ISO 9000 certificate is only a 
starting point. The company has to keep on maintaining or even improving its quality 
system in order to meet the global trend of achieving quality system management. 
R e c o m m e n d a t i o n for Further Study 
‘ I 
In the writing of this project, some areas that are worthed to be investigated for further 
research study have been recognized but are not covered in this project due to time and 
resources limitation. The result of these findings could make an important contribution 
to the issue on ISO 9000 quality standards. 
• As it is still not mandatory required to obtain ISO 9000 in running a business in 
Hong Kong, some companies hesitate about implementing the quality system. 
They have no idea of whether the registration can really result in any benefit or not. 
Hence it will be interesting to perform a structured survey on cost and benefit 
analysis after implementing the ISO 9000 system. 
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• It was discovered that human factors played a significant role in the entire ISO 
9000 implementation process. Hence it is worthwhile to analyse specifically in the 
effect of human behaviour on the implementation of the ISO 9000 system, and vice 
versa, the impact of ISO 9000 on behavioural aspect. 
• Total Quality Management (TQM) is a philosophy that many companies attempt to 
implement. It is a more in-depth approach on acquiring a system that would lead 
to better quality image through total customer satisfaction. As many companies | 
i 
have already implemented the ISO 9000 system, it is worthwhile to study the 
possibility of modification of the existing system under ISO 9000 to achieve a more 





ISO 9000 : 1994 (i)(2) 
The ISO 9000 series of quality system was first published in 1987，and was planned to 
"i 
be reviewed every five years. After lengthy discussions, a revised version was | 
published in July 1994，and with immediate effect，all quality system assessment would 
be based on the revised version. For the registrations under the 1987 version，their 
systems have to be amended to meet the new requirement before July 1995. 
I 
In the new version，there is no major change in the structure of the quality system, but 
the clause numbers have been unified amongst the three contractual models of ISO 
9001，ISO 9002 and ISO 9003. For ISO 9001，there is no change in the twenty 
clauses of requirement. However the number of elements for ISO 9002 increases to 
nineteen where Servicing is included. For ISO 9003，four quality elements including 
Contract Review, Control of Customer-Supplied Product, Corrective Action and 
Internal Quality Audits have been added，thus the number of requirement clauses 
increases to sixteen. As the ISO 9001 standard is the most comprehensive one 
amongst the three, the review of the standard is based on this system. The major 
amendments of the new version are listed as follows : 
Clause 4.1 M a n a g e m e n t Responsibility 
In the new version, the organization goals, expectation, and needs of customers are 
integrated into the quality policy. The management has to define responsibility. 
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authority and the interrelation of personnel who manage, perform and verify work 
affecting quality. Moreover training of different personnel，not limited to those related 
to quality work, is emphasized. In addition, the appointment of management 
representative is tightened. He or she must be a member of the management team of 
the company. Finally the management reviews are to be conducted at "definite 
intervals" rather than "appropriate intervals". 
Clause 4.2 Quality System 
I 
In the new version, the quality manual becomes an explicit requirement. An outline 
i 
Structure of documentation should be included. Moreover quality planning is added to 
ensure that product or service must meet the customers' requirement. 
I 
Clause 4.3 rontract Review 
In the new version, different forms of contract are well-defined, so that all 
requirements must be agreed before order is accepted. 
Clause 4.4 Design Control 
The new version emphasizes that plans including defined responsibility should be 
prepared for each design and development activity Moreover statutory and regulatory 
requirements should be identified at the design input stage, and the output documents 
should be reviewed before release. Design validation should be performed to ensure 
that product or service conforms to defined user requirement. 
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Clause 4.5 Document and Data Control 
"Data control" is added in the new version. A master list of document approvals and 
issues should be created to identify the current revision status of documents. The 
retaining of obsolete documents is also allowed provided that suitable identification is 
maintained. 
Clause 4.6 Purchasing 
I 
！ 
In the new version, the word "evaluation" is used instead of "assessment" of sub- ； 
contractors，and this evaluation should include quality system requirements of the 
contract. Moreover the customer has the right to verify product at sub-contractor's or 
supplier's premises. 
rifliisf! 4.7 Control of Customer Snpnlied Product 
The word "customer" is used in the new version to replace the previous "purchaser" 
reflecting the situation when the customer may not be a purchaser. 
riause 4.8 Product Identification and Traceabilitv 
In the new version，the identification of product, material and components at all stages 
from their receipt through production to delivery and installation is emphasized. 
Clause 4.9 Process Control 
In the new version, the need for control of installation and servicing processes in 
addition to production processes is introduced. Moreover a new requirement for the 
maintenance of equipment is also included. 
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Clause 4.10 Inspection and Testing 
In the new version, documented procedures for inspection and testing activities should 
be established and maintained by suppliers. 
Clause 4.11 Control of Inspection. Measuring and Test Eauipment 
In the new version, it is clearly stated that all measuring devices that can affect product 
quality should be calibrated. 
！ i 
Clause 4.12 Inspection and Test Status 
The new version clarifies that the means of identification of inspection and test status 
should be defined in the quality plan or documented procedures. 
riaiise 4.13 Control of Non-conforming Product 
There is no change in the new version. Documented procedures are still required for 
preventing non-conforming products from unintended use or installation. 
Clause 4.14 Corrective and Preventive Action 
The word "preventive" is added in the new version indicating the significance of 
preventive action in the quality system requirements. The corrective action refers to 
handling of customer complaints, reporting of product non-conformity and 
investigating the cause of non-conformity relating to the product, process and quality 
system. The preventive action includes the use of appropriate sources of information 
to deal with problems requiring preventive action. It must be made sure that measures 
are effective and information is available for management review. 
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Clause 4.15 Handling. Storage. Package. Preservation and Delivery 
In the new version, the "preservation" of product is required. Moreover a designated 
storage area is needed. 
Clause 4.16 Control of Quality Records 
In the new version, the access requirement is added. Quality records should be readily 
available for reference and checked at all time. 
丨， 
I 
Clause 4.17 Internal Quality Audits 
In the new version, internal quality audit should be conducted by an independent 
personnel, and the audit result should be an integral part of the management review. 
) 
riaiise 4.18 Training 
There is no change in the new version. 
riause 4.19 Servicing 
In the new version, procedures should be established and maintained by the suppliers 
to report that the specified requirements under the contract on the servicing activity are 
met. 
riause 4.20 Statistical Techniques 
In the new version, the words "where appropriate" is deleted，which means that 
suppliers must identify whether there is a need to apply statistical techniques to control 
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and verify process capability and product characteristics. Statistical techniques are not 
mandatory but adequate control of their application should be established. 
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